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Abstract 



PROBLEM TO BE SOLVED: To provide a method for producing a fluorite single crystal, by 
which a fluorite single crystal having sufficiently small birefringence and capable of using to 
an optical system in photolithography, especially, having a large aperture (>=200 mm 
&theta ) and good optical characteristic and capable of using to photolithography having 
<=250 nm wavelength is obtained. 

SOLUTION: This method for producing the objective fluorite single crystal comprises heat- 
treating a fluorite single crystal by a step for housing the fluorite single crystal in a container 
capable of making the interior airtight, hermetically closing the container, subjecting the 
interior of the container to vacuum evacuation and raising a temperature in the container to 
a prescribed temperature (first temperature) lower than a melting point of the fluorite single 
crystal and a step for retaining the temperature in the container at a prescribed temperature 
(first temperature) for a prescribed time and a step for lowering the temperature in the 
container to a room temperature to improve optical characteristics. In this case, maximum 
temperature in heat treatment is set to a prescribed temperature (first temperature) in the 
range within 1020 deg.C to 1 150 deg.C. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] After containing a fluorite single crystal, sealing said container and carrying out evacuation of the inside of 
said container into the container [-izing / a container ], it heats at the heater formed in the outside of said container, 
airtight - The process to which the temperature up of the temperature in a container is carried out to predetermined 
temperature (the 1st temperature) lower than the melting point of said fluorite single crystal, In the approach of 
manufacturing the fluorite single crystal which raised the optical property by looking the temperature in said container 
like [ said predetermined temperature (the 1st temperature) ] with predetermined time amount, the process to hold, and 
the process which lowers the temperature in said container to a room temperature, and heat-treating a fluorite single 
crystal more The manufacture approach of the fluorite single crystal characterized by making the maximum temperature 
of heat treatment into the predetermined temperature (the 1st temperature) in the range of 1020-1 150 degrees C. 
[Claim 2] After installing the 2nd container which contained the fluorite single crystal and the fluorination agent in the 
1st container [-izing / the container ], sealing said 1st container and carrying out evacuation of the inside of said 1st 
container, it heats at the heater formed in the outside of said 1st container, airtight - While carrying out the temperature 
up of the temperature in the 1st container, and/or the temperature in the 2nd container to predetermined temperature (the 
1st temperature) lower than the melting point of said fluorite single crystal The process which makes the inside of said 
2nd container a fluorine gas ambient atmosphere, and the temperature in said 1st container and/or the temperature in the 
2nd container Time amount predetermined to said predetermined temperature (the 1st temperature), and the process to 
hold, In the process which lowers the temperature in said 1st container, and/or the temperature in the 2nd container to a 
room temperature, the process which carries out atmospheric-air disconnection of the inside of said 1st container, and 
the method of manufacturing the fluorite single crystal which raised the optical property by it being alike and heat- 
treating a fluorite single crystal more The manufacture approach of the fluorite single crystal characterized by making 
the maximum temperature of heat treatment into the predetermined temperature (the 1st temperature) in the range of 
1020-1150 degrees C. 

[Claim 3] The manufacture approach according to claim 1 or 2 characterized by carrying out the cooling rate from said 
maximum temperature (the 1st temperature) to a room temperature in 2 degrees C/hour or less. 
[Claim 4] The manufacture approach according to claim 1 or 2 characterized by carrying out the cooling rate to the 
predetermined temperature (the 2nd temperature) which is in the range of 600-800 degrees C, or the range of 700-900 
degrees C (or those neighborhoods) from said maximum temperature (the 1 st temperature) in 2 degrees C/hour or less. 
[Claim 5] The manufacture approach according to claim 4 characterized by carrying out the cooling rate from said 2nd 
temperature to a room temperature in 5 degrees C/hour or less. 

[Claim 6] The manufacture approach given in either of claims 1-5 characterized by obtaining the fluorite single crystal 
of the diameter of macrostomia usable to the optical system for optical lithography (more than phi200mm). 
[Claim 7] The manufacture approach according to claim 6 that refractive-index difference **n is characterized by 
obtaining 2xten to six or less fluorite single crystal. 

[Claim 8] The manufacture approach according to claim 6 or 7 that the value of the birefringence in the direction of an 
optical axis is characterized by obtaining the fluorite single crystal of 2 or less nm/cm. 

[Claim 9] The manufacture approach according to claim 6 to 8 that the value of the birefringence in the direction of a 
side face perpendicular to the direction of an optical axis is characterized by obtaining a 5nm [/cm ] or less fluorite 
single crystal. 

[Claim 10] The fluorite single crystal for optical (wavelength of 250nm or less) lithography whose value of the 
birefringence in the direction of an optical axis is 2 or less nm/cm in the diameter of macrostomia (more than 
phi200mm). 

[Claim 11] The fluorite single crystal according to claim 10 whose value of the birefringence in the direction of a side 
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face perpendicular to the direction of an optical axis is 5 or less nm/cm. 

[Claim 12] The fluorite single crystal according to claim 10 or 1 1 whose refractive-index difference **n is 2x10 to six 
or less. 

[Claim 13] After containing a fluorite single crystal, sealing said container and carrying out evacuation of the inside of 
said container into the container [-izing / a container ], it heats at the heater formed in the outside of said container, 
airtight - The process to which the temperature up of the temperature in a container is carried out to predetermined 
temperature lower than the melting point of said fluorite single crystal, In the approach of manufacturing the fluorite 
single crystal which raised the optical property by looking the temperature in said container like [ said predetermined 
temperature ] with predetermined time amount, the process to hold, and the process which lowers the temperature in 
said container to a room temperature, and heat-treating a fluorite single crystal more At the cooling process in a large 
elevated-temperature field, the effect which it has on the improvement in an optical property of the processing object 
(fluorite single crystal) by the cooling rate especially Cool slowly enough and said effect at the cooling process in a low- 
temperature field (it is a low-temperature field from an elevated-temperature field) smaller than it The manufacture 
approach of the fluorite single crystal characterized by balancing the improvement effectiveness in an optical property 
of a processing object (fluorite single crystal), and productivity (time for delivery and cost) by cooling speed. 
[Claim 14] After containing a fluorite single crystal, sealing said container and carrying out evacuation of the inside of 
said container into the container [-izing / a container ], it heats at the heater formed in the outside of said container, 
airtight ~ The process to which the temperature up of the temperature in a container is carried out to predetermined 
temperature lower than the melting point of said fluorite single crystal, In the approach of manufacturing the fluorite 
single crystal which raised the optical property by looking the temperature in said container like [ said predetermined 
temperature ] with predetermined time amount, the process to hold, and the process which lowers the temperature in 
said container to a room temperature, and heat-treating a fluorite single crystal more The manufacture approach of the 
fluorite single crystal characterized by enclosing inert gas in said container, and heat-treating by holding the pressure in 
said container in one atmospheric pressure (or abbreviation 1 atmospheric pressure) in order to prevent oxidation of the 
fluorite single crystal at the time of heat treatment. 

[Claim 15] After installing the 2nd container which contained the fluorite single crystal and the fluorination agent in the 
1st container [-izing / the container ], sealing said 1st container and carrying out evacuation of the inside of said 1st 
container, it heats at the heater formed in the outside of said 1st container, airtight ~ While carrying out the temperature 
up of the temperature in the 1st container, and/or the temperature in the 2nd container to predetermined temperature 
lower than the melting point of said fluorite single crystal The process which makes the inside of said 2nd container a 
fluorine gas ambient atmosphere, and the temperature in said 1st container and/or the temperature in the 2nd container 
Time amount predetermined to said predetermined temperature, and the process to hold, In the process which lowers the 
temperature in said 1st container, and/or the temperature in the 2nd container to a room temperature, the process which 
carries out atmospheric- air disconnection of the inside of said 1 st container, and the method of manufacturing the 
fluorite single crystal which raised the optical property by it being alike and heat-treating a fluorite single crystal more 
The manufacture approach of the fluorite single crystal which is made to evaporate said fluorination agent, and makes 
the inside of said 2nd container a fluorine gas ambient atmosphere, and is characterized by heat-treating by holding the 
pressure in said 1st container in one atmospheric pressure (or abbreviation 1 atmospheric pressure) in order to prevent 
oxidation of the fluorite single crystal at the time of heat treatment at least. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The various devices by which KrF, an ArF excimer laser, and F2 laser were used for this 
invention To optical system, such as (for example, lenses, such as a stepper, a CVD system, and a fusion device) and 
aperture material It is especially optical lithography equipment (for example, it KrF(s)) with a wavelength of 250nm or 
less. The manufacture approach by which it uses for the optical system in the optical lithography equipment using an 
ArF excimer laser or F2 laser, and a fluorite single crystal with a good optical property is obtained with the suitable 
diameter of macrostomia (more than phi200mm), It is related with the fluorite single crystal for optical (wavelength of 
250nm or less) lithography. 
[0002] 

[Description of the Prior Art] It sets at recent years, and it is integrated highly increasingly, VLSI has advanced features, 
and system-on-chip-ization in which a big system is incorporated by the chip top is advancing in the field of Logic 
VLSI. In connection with this, micro-processing-izing and high integration are demanded on wafers, such as silicon 
used as the substrate. And the aligner called a stepper in the optical lithography which exposes and imprints the detailed 
pattern of an integrated circuit on wafers, such as silicon, is used. 

[0003] If DRAM is mentioned as an example in VLSI, the capacity beyond recent-years 256M will become actual, and 
processing line breadth is 0.35 micrometers. Since it is detailed the following, it licks in that of an optical lithography 
technique, and comes out, and the high image formation engine performance (resolution, depth of focus) is demanded of 
a certain stepper's projection lens. Resolution and the depth of focus are decided by the wavelength of light and NA 
(numerical aperture) of a lens which are used for exposure. 

[0004] If NA of a lens is not large, it becomes impossible to incorporate the diffracted light, since the include angle of 

the diffracted light becomes [ the exposure wavelength lambda ] large in a finer pattern in being the same. Moreover, 

since the include angle of the diffracted light in the same pattern becomes small so that the exposure wavelength lambda 

is short, NA of a lens may be small. Resolution and the depth of focus are expressed by the degree type. 

[0005] Resolution =kl and the lambda/NA depth of focus = lambda [ k2 and ]/2 (here, kl and k2 are a proportionality 

constant) 

in order to raise resolution from an upper type NA of a lens large » carrying out (a lens being diameterf of 
macrostomia ]-ized) or it turns out that it is more advantageous to shorten lambda in respect of the depth of focus that 
what is necessary is just to shorten exposure wavelength lambda. 

[0006] First, if short wavelength-ization of light is described, the exposure wavelength lambda will turn into short 
wavelength gradually, and the stepper who makes the light source KrF excimer laser light (wavelength of 248nm) will 
also have come to appear in a commercial scene. 250 In the short wavelength field below nm, there are very few optical 
materials which can be used as an object for optical lithography, and fluorite and two kinds of ingredients of quartz 
glass are used. 

[0007] Next, if diameter-ization of macrostomia of a lens is described, quartz glass and a fluorite single crystal excellent 
in the optical properties of the refractive index instead of the thing that what is necessary is just only a diameter of 
macrostomia, such as homogeneity, will be required. Here, the manufacture approach (an example) of the conventional 
fluorite single crystal is shown. The fluorite single crystal is manufactured by the Bridgman method (the stock 
hamburger method, crucible method of descent). 

[0008] In the case of the fluorite single crystal used in an ultraviolet region or a vacuum-ultraviolet region, it is common 
to use the high grade raw material produced by chemosynthesis without natural fluorite as a raw material. Although a 
raw material can be used with powder, since the volume decrease when fusing in this case is intense, usually a half- 
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melting article and its grinding article are used. 

[0Q09] First, the crucible filled up with said raw material is placed into training equipment, and the inside of training 
equipment is held in the vacuum ambient atmosphere of 10-3 to ten to 4 Pa. Next, the temperature in training equipment 
is raised to more than the melting point of fluorite, and the raw material in a crucible is fused. Under the present 
circumstances, in order to suppress time fluctuation of the temperature in training equipment, the control or the highly 
precise PID control by the constant power output is performed. 

[0010] It is made to crystallize gradually from the lower part of a crucible in a crystal training phase by reducing a 
crucible at the rate of 0.1 - 5 mm/h extent. Quenching is avoided in the place crystallized to the melt topmost part so that 
the crystal (ingot) which ended crystal training and was raised may not break, and easy annealing is performed. In the 
place where the temperature in training equipment fell to room temperature extent, atmospheric-air disconnection of the 
equipment is carried out, and an ingot is taken out. 

[001 1] In the case of the fluorite used for the aperture material as which neither an optic with small size nor 
homogeneity is required, after cutting an ingot, even a final product is processed through the process of slight roundness 
etc. On the other hand, it is used for a stepper's projection lens etc., and when it is the fluorite single crystal with which 
high homogeneity is demanded, easy annealing is performed with an ingot. And after cutting processing is carried out, 
annealing is further performed in magnitude suitable according to the target product. 

[0012] By the way, when the fluorite for optical lithography is indicated by JP,8-5801,A and it is used for it in a specific 
wavelength band 350nm or less, also in which direction of the direction of 3 coordinates, the fluorite whose optical path 
difference by the birefringence is 10 or less nm/cm is indicated. The optical path difference is expressed with the 
numeric value what time of wavelength the effect which it has on the image formation engine performance of optical 
system is, and effect has that the multiplier is small (for example, so little lambda/10 etc.). For example, in the case of 
lOnm of optical path difference, on the wavelength of lambda= 248nm, the optical path difference is 
10/248=0.0401ambda, and the optical path difference becomes with 10/193=0.0521ambda by lambda= 193nm. 
[0013] That is, even if it is lOnm of the same optical path difference, as effectiveness, lambda= 193nm of effect is larger 
and the image formation engine performance gets worse. Therefore, in a stepper's projection lens using a next- 
generation ArF excimer laser (wavelength of 193nm), fluorite with still inadequate optical-path-difference 10 nm/cm 
and the still smaller optical path difference by the birefringence is needed. 

[0014] In addition, in the following, the thing of the optical path difference per unit length by the birefringence is only 
called a birefringence. Moreover, generally this birefringence is called distortion in many cases. This is for therefore 
producing a birefringence distorted in many cases, even when there is no birefringence in the ingredient itself. 
[0015] 

[Problem(s) to be Solved by the Invention] As mentioned above, fluorite is manufactured by the Bridgman method. And 
after growing up fluorite with the usual Bridgman method, to extent into which fluorite is not broken, it cools slowly (to 
or extent which can be cut), and takes out as an ingot. Although it may start directly in the size made into the purpose 
from an ingot, since a birefringence and refractive-index heterogeneity become larger as the volume increases, quality is 
raised by applying to a heat treatment process further after cutting to two or more blocks. 

[0016] The period of this heat treatment process was setting the cooling rate in a cooling process (process) with about 
two common therefore weeks and the large time amount pulse duty factor to the whole heat treatment process to 10 
degrees C/H-5-degree-C/H from one week by the former in view of productivity. However, the fluorite single crystal 
obtained by annealing (heat treatment) of such a fluorite single crystal had the trouble that the homogeneity of a 
refractive index was bad and a birefringence was too large. 

[0017] Therefore, there was a trouble that the fluorite single crystal which can be used for the optical system in optical 
lithography was hard to be obtained, and the fluorite single crystal of the diameter of macrostomia (more than 
phi200mm) which can be used especially for optical lithography with a wavelength of 250nm or less was not obtained. 
It aims at offering the manufacture approach of the fluorite single crystal with which a fluorite single crystal usable to 
optical system [ in / the homogeneity of a refractive index is good by making this invention in view of this trouble, and 
heat-treating a fluorite single crystal, and a birefringence is fully small, and / optical lithography ] is obtained, and a 
fluorite single crystal with a good optical property is obtained with the diameter of macrostomia usable to especially 
optical lithography with a wavelength of 250nm or less (more than phi200mm). 

[001 8] Or this invention aims at an optical property not only doing so the effectiveness that a good fluorite single crystal 
is obtained, with said diameter of macrostomia (more than phi200mm), but offering the manufacture approach of a 
fluorite single crystal that this effectiveness and productivity were able to be balanced. Or this invention aims at offering 
the fluorite single crystal for optical (wavelength of 250nm or less) lithography. 
[0019] 
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[Means for Solving the Problem] After containing a fluorite single crystal, sealing said container and carrying out 
evacuation of the inside of said container into the container [-izing / a container ], it heats at the heater formed in the 
outside of said container, therefore, this invention the first - "-- airtight - The process to which the temperature up of 
the temperature in a container is carried out to predetermined temperature (the 1st temperature) lower than the melting 
point of said fluorite single crystal, In the approach of manufacturing the fluorite single crystal which raised the optical 
property by looking the temperature in said container like [ said predetermined temperature (the 1st temperature) ] with 
predetermined time amount, the process to hold, and the process which lowers the temperature in said container to a 
room temperature, and heat-treating a fluorite single crystal more The manufacture approach (claim 1) of the fluorite 
single crystal characterized by making the maximum temperature of heat treatment into the predetermined temperature 
(the 1st temperature) in the range of 1020-1 150 degrees C" is offered. 

[0020] Install the 2nd container which contained the fluorite single crystal and the fluorination agent in the 1 st container 
[-izing / the container ], and said 1st container is sealed, moreover, this invention - the second — "-- airtight - After 
carrying out evacuation of the inside of said 1st container, it heats at the heater formed in the outside of said 1st 
container. While carrying out the temperature up of the temperature in the 1 st container, and/or the temperature in the 
2nd container to predetermined temperature (the 1st temperature) lower than the melting point of said fluorite single 
crystal The process which makes the inside of said 2nd container a fluorine gas ambient atmosphere, and the 
temperature in said 1st container and/or the temperature in the 2nd container Time amount predetermined to said 
predetermined temperature (the 1 st temperature), and the process to hold, In the process which lowers the temperature in 
said 1st container, and/or the temperature in the 2nd container to a room temperature, the process which carries out 
atmospheric-air disconnection of the inside of said 1st container, and the method of manufacturing the fluorite single 
crystal which raised the optical property by it being alike and heat-treating a fluorite single crystal more The 
manufacture approach (claim 2) of the fluorite single crystal characterized by making the maximum temperature of heat 
treatment into the predetermined temperature (the 1st temperature) in the range of 1020-1 150 degrees C" is offered. 
[0021] Moreover, this invention provides the third with "the manufacture approach (claim 3) according to claim 1 or 2 
characterized by carrying out the cooling rate from said maximum temperature (the 1st temperature) to a room 
temperature in 2 degrees C/hour or less." Moreover, this invention provides the fourth with "the manufacture approach 
(claim 4) according to claim 1 or 2 characterized by carrying out the cooling rate to the predetermined temperature (the 
2nd temperature) which is in the range of 600-800 degrees C, or the range of 700-900 degrees C (or those 
neighborhoods) from said maximum temperature (the 1st temperature) in 2 degrees C/hour or less." 
[0022] Moreover, this invention provides the fifth with "the manufacture approach (claim 5) according to claim 4 
characterized by carrying out the cooling rate from said 2nd temperature to a room temperature in 5 degrees C/hour or 
less." Moreover, this invention provides the sixth with "the manufacture approach (claim 6) given in either of claims 1-5 
characterized by obtaining the fluorite single crystal of the diameter of macrostomia usable to the optical system for 
optical lithography (more than phi200mm)." 

[0023] Moreover, this invention provides the seventh with "the manufacture approach (claim 7) according to claim 6 
that refractive-index difference **n is characterized by obtaining 2xten to six or less fluorite single crystal." Moreover, 
this invention provides the eighth with "the manufacture approach (claim 8) according to claim 6 or 7 that the value of 
the birefringence in the direction of an optical axis is characterized by obtaining the fluorite single crystal of 2 or less 
nm/cm." 

[0024] Moreover, this invention provides the ninth with "the manufacture approach (claim 9) according to claim 6 to 8 
that the value of the birefringence in the direction of a side face perpendicular to the direction of an optical axis is 
characterized by obtaining the fluorite single crystal of 5 or less nm/cm." Moreover, this invention provides the tenth 
with "the fluorite single crystal (claim 10) for optical (wavelength of 250nm or less) lithography whose value of the 
birefringence in the direction of an optical axis is 2 or less nm/cm in the diameter of macrostomia (more than 
phi200mm)." 

[0025] Moreover, this invention provides the eleventh with "the fluorite single crystal (claim 1 1) according to claim 10 
whose value of the birefringence in the direction of a side face perpendicular to the direction of an optical axis is 5 or 
less nm/cm." Moreover, this invention provides the twelfth with "the fluorite single crystal (claim 12) according to 
claim 10 or 1 1 whose refractive-index difference **n is 2x10 to six or less." After containing a fluorite single crystal, 
sealing said container and carrying out evacuation of the inside of said container into the container [-izing / a 
container ], it heats at the heater formed in the outside of said container, moreover, this invention — the thirteenth — "— 
airtight - The process to which the temperature up of the temperature in a container is carried out to predetermined 
temperature lower than the melting point of said fluorite single crystal, In the approach of manufacturing the fluorite 
single crystal which raised the optical property by looking the temperature in said container like [ said predetermined 
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temperature ] with predetermined time amount, the process to hold, and the process which lowers the temperature in 
said container to a room temperature, and heat-treating a fluorite single crystal more At the cooling process in a large 
elevated-temperature field, the effect which it has on the improvement in an optical property of the processing object 
(fluorite single crystal) by the cooling rate especially Cool slowly enough and said effect at the cooling process in a low- 
temperature field (it is a low-temperature field from an elevated-temperature field) smaller than it The manufacture 
approach (claim 13) of the fluorite single crystal characterized by balancing the improvement effectiveness in an optical 
property of a processing object (fluorite single crystal) and productivity (time for delivery and cost) by cooling speed" is 
offered. 

[0026] After containing a fluorite single crystal, sealing said container and carrying out evacuation of the inside of said 
container into the container [-izing / a container ], it heats at the heater formed in the outside of said container, 
moreover, this invention ~ the 14th ~ "-- airtight - The process to which the temperature up of the temperature in a 
container is carried out to predetermined temperature lower than the melting point of said fluorite single crystal, In the 
approach of manufacturing the fluorite single crystal which raised the optical property by looking the temperature in 
said container like [ said predetermined temperature ] with predetermined time amount, the process to hold, and the 
process which lowers the temperature in said container to a room temperature, and heat-treating a fluorite single crystal 
more In order to prevent oxidation of the fluorite single crystal at the time of heat treatment, the manufacture approach 
(claim 14) of the fluorite single crystal characterized by enclosing inert gas in said container, and heat-treating by 
holding the pressure in said container in one atmospheric pressure (or abbreviation 1 atmospheric pressure)" is offered. 
[0027] Install the 2nd container which contained the fluorite single crystal and the fluorination agent in the 1st container 
[-izing / the container ], and said 1st container is sealed, moreover, this invention - the 15th - "-- airtight - After 
carrying out evacuation of the inside of said 1 st container, while heating at the heater formed in the outside of said 1st 
container and carrying out the temperature up of the temperature in the 1st container, and/or the temperature in the 2nd 
container to predetermined temperature lower than the melting point of said fluorite single crystal The process which 
makes the inside of said 2nd container a fluorine gas ambient atmosphere, and the temperature in said 1st container 
and/or the temperature in the 2nd container Time amount predetermined to said predetermined temperature, and the 
process to hold, In the process which lowers the temperature in said 1st container, and/or the temperature in the 2nd 
container to a room temperature, the process which carries out atmospheric-air disconnection of the inside of said 1st 
container, and the method of manufacturing the fluorite single crystal which raised the optical property by it being alike 
and heat-treating a fluorite single crystal more In order to prevent oxidation of the fluorite single crystal at the time of 
heat treatment at least, make said fluorination agent evaporate and the inside of said 2nd container is made into a 
fluorine gas ambient atmosphere. And the manufacture approach (claim 1 5) of the fluorite single crystal characterized 
by heat-treating by holding the pressure in said 1st container in one atmospheric pressure (or abbreviation 1 atmospheric 
pressure)" is offered. 
[0028] 

[Embodiment of the Invention] In what kind of equipment and ambient atmosphere heat treatment (annealing) which 
raises the optical property of a fluorite single crystal (for example, a birefringence is made small) and which is 
performed for accumulating is not only performed, but it becomes the important point to what kind of schedule it is 
carried out. For example, the maximum temperature of heat treatment is what degree C, and the schedule of in how 
many hours a temperature up is carried out from a room temperature to a maximum temperature and when it is made to 
cool to a room temperature in between after holding in between when by the maximum temperature becomes important. 
[0029] Then, when this invention persons inquired wholeheartedly, as a maximum temperature, it found out that 1020- 
1 150 degrees C was the optimal. That is, above 1 150 degrees C, it turned out that there is little annealing effectiveness 
which the defect leading to dispersion becomes easy to generate inside fluorite, and is given to improvement in an 
optical property below 1020 degrees C. So, the maximum temperature of heat treatment was made into the 
predetermined temperature (the 1st temperature) in the range of 1020-1 150 degrees C by the manufacture approach 
concerning this invention (claims 1-9). 

[0030] And according to this invention (claims 1-9), a fluorite single crystal the homogeneity of a refractive index is 
good, small [ fully ] a birefringence and usable to the optical system in optical lithography is obtained, and a fluorite 
single crystal with a good optical property is obtained by especially optical lithography with a wavelength of 250nm or 
less with the usable diameter of macrostomia (more than phi200mm). In addition, although the holding time of said 
maximum temperature should just be about 24 hours, lengthening is desirable [ the holding time ] if the aperture and the 
volume of a processing object (fluorite single crystal) become large. 

[0031] Moreover, the programming rate from a room temperature to a maximum temperature is good to set up in the 
range which the bad influence to the processing object (fluorite single crystal) by the thermal shock does not generate. 
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Next, although it is the cooling process after carrying out predetermined time maintenance at said maximum 
temperature, this process is important for especially improvement in an optical property of a processing object (fluorite 
single crystal). That is, sufficient effectiveness will not be acquired, if the improvement effectiveness of an optical 
property becomes large and a cooling rate is too quicker conversely, as a cooling rate is made late. 
[0032] So, by the manufacture approach concerning this invention (claim 3), the cooling rate from said maximum 
temperature (the 1st temperature) to a room temperature was carried out in 2 degrees C/hour or less. Moreover, this 
invention persons found out that especially the effect that the cooling rate in the cooling process of an elevated- 
temperature field of resulting in the predetermined temperature (the 2nd temperature) which is in the range of 600-800 
degrees C (or the neighborhood) or the range of 700-900 degrees C (or the neighborhood) from a maximum temperature 
has on the improvement in an optical property of a processing object (fluorite single crystal) was large. 
[0033] So, by the manufacture approach concerning this invention (claim 4), the cooling rate to the predetermined 
temperature (the 2nd temperature) which is in the range of 600-800 degrees C or the range of 700-900 degrees C (or 
those neighborhoods) from said maximum temperature (the 1st temperature) was carried out in 2 degrees C/hour or less. 
According to this invention (claims 3 and 4), a fluorite single crystal with a very good optical property is obtained by 
optical lithography with a wavelength of 250nm or less with the usable diameter of macrostomia (more than 
phi200mm). 

[0034] By the way, since the die length of a cooldown delay influences productivity (time for delivery and cost) greatly, 
from the point, its way that a cooldown delay is short as much as possible (a cooling rate is quick) is good. Then, 
although this invention persons cool slowly enough at the cooling process in the elevated-temperature field where the 
effect which it has on the improvement in an optical property of the processing object (fluorite single crystal) by the 
cooling rate is especially large as mentioned above At the cooling process in a low-temperature field (it is a low- 
temperature field from an elevated-temperature field) smaller than it, said effect decided to balance the improvement 
effectiveness in an optical property of a processing object (fluorite single crystal), and productivity (time for delivery 
and cost) by cooling speed (claim 13). 

[0035] By the manufacture approach concerning this invention (claim 5), the cooling rate in the elevated-temperature 
field to the predetermined temperature (the 2nd temperature) which is in the range of 600-800 degrees C or the range of 
700-900 degrees C (or those neighborhoods) from said maximum temperature (the 1st temperature) was carried out in 2 
degrees C/hour or less, and, specifically, the cooling rate in the low-temperature field from said 2nd temperature to a 
room temperature was further carried out in 5 degrees C/hour or less. 

[0036] Therefore, an optical property not only does so said effectiveness that a good fluorite single crystal is obtained, 
with the diameter of macrostomia (more than phi200mm), but according to this invention (claim 5), it can balance this 
effectiveness and productivity. Thus, in heat treatment concerning the fluorite of the diameter of macrostomia (more 
than phi200mm), what (cooling rate : 2 degrees C/(hour) or less) the effect which it has on the improvement in an 
optical property of the processing object (fluorite single crystal) by the cooling rate cools very slowly at the large 
cooling process of an elevated-temperature field especially is important. 

[0037] For example, by having cooled the (elevated-temperature field) at the too quick rate of 3 degrees C/hour from a 
maximum temperature to 900 degrees C, fluorite with a good optical property is not obtained like the example of a 
comparison mentioned later. Moreover, it is better for cooling not much rapidly also at the cooling process in a 
subsequent low-temperature field to avoid. 

[0038] In addition, it is desirable to make the cooling process (cooling process especially in an elevated-temperature 
field) in an elevated-temperature field and/or a low-temperature field into two or more steps (for a cooling rate to be two 
or more kinds) from a single stage story (for a cooling rate to be one kind) with enlargement of a processing object 
(fluorite single crystal), that is, what (the cooling process of a rate later than the cooling rate in a single stage story - 1 - 
- or it adds two or more) the cooling process (cooling process especially in an elevated-temperature field) in an elevated- 
temperature field and/or a low-temperature field is subdivided for within limits which a processing object (fluorite 
single crystal) enlarges, and which are alike and take and fully fulfill productivity (time for delivery and cost) is 
desirable. 

[0039] In addition, the temperature requirement of the whole elevated- temperature field and/or the whole low- 
temperature field may be extended with increase of the number of fragmentation in this case. Moreover, it is desirable to 
set the temperature requirement where the 2nd temperature is included as the higher range with enlargement of a 
processing object (fluorite single crystal) within limits which fully fulfill productivity (time for delivery and cost) (for it 
to shift to an elevated-temperature side), or to reduce a temperature requirement. 

[0040] For example, the range of 600-800 degrees C or the range of 700-900 degrees C (or those neighborhoods), and 
the temperature requirement where the 2nd set-up temperature is included are followed on enlargement of a processing 
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object (fluorite single crystal). Within limits which fully fulfill productivity (time for delivery and cost), it is desirable to 
change into the high range or the narrow range like 650-850 degrees C, 750-950 degrees C, 700-800 degrees C 5 800-900 
degrees C 5 800-850 degrees C, 850-900 degrees C, and 900-950 degrees C. 

[0041] Or it is desirable to combine suitably the shift by the side of the elevated temperature of the escape of the 
temperature requirement where fragmentation of a cooling process and the 2nd temperature are included or contraction, 
and each temperature field with enlargement of a processing object (fluorite single crystal) within limits which fully 
fulfill productivity (time for delivery and cost). Even if a processing object (fluorite single crystal) is further enlarged by 
making it this configuration, an optical property can also fully fill about [ that a good fluorite single crystal can be 
obtained ] and productivity (time for delivery and cost) with the usable diameter of macrostomia to optical lithography 
with a wavelength of 250nm or less. 

[0042] The manufacture approach of the fluorite single crystal concerning this invention (claim 13) is effective when 
obtaining the fluorite single crystal of the usable diameter of macrostomia (more than phi200mm) to the optical system 
for optical lithography with a wavelength of 250nm or less. The manufacture approach of the fluorite single crystal 
concerning this invention (claim 13) is effective when usable refractive-index difference **n obtains the fluorite single 
crystal of the diameter of macrostomia (more than phi200mm) or less by 2x10 to six to the optical system for optical 
lithography with a wavelength of 250nm or less. 

[0043] The manufacture approach of the fluorite single crystal concerning this invention (claim 13) is effective when the 
value of the birefringence in the direction of an optical axis usable to the optical system for optical lithography with a 
wavelength of 250nm or less obtains the fluorite single crystal of the diameter of macrostomia (more than phi200mm) 
by 2 or less nm/cm. Moreover, the manufacture approach of the fluorite single crystal concerning this invention (claim 
13) is effective when the value of the birefringence in the direction of a side face perpendicular to the direction of an 
optical axis usable to the optical system for optical lithography with a wavelength of 250nm or less obtains the fluorite 
single crystal of the diameter of macrostomia (more than phi200mm) by 5 or less nm/cm. 

[0044] The manufacture approach of the fluorite single crystal concerning this invention (claims 1-5) is effective when 
obtaining the fluorite single crystal of the usable diameter of macrostomia (more than phi200mm) to the optical system 
for optical lithography with a wavelength of 250nm or less (claim 6). Moreover, the manufacture approach of the 
fluorite single crystal concerning this invention (claims 1-5) is effective when usable refractive-index difference **n 
obtains the fluorite single crystal of the diameter of macrostomia (more than phi200mm) or less by 2x10 to six to the 
optical system for optical lithography with a wavelength of 250nm or less (claim 7). 

[0045] Moreover, the manufacture approach of the fluorite single crystal concerning this invention (claims 1-5) is 
effective when the value of the birefringence in the direction of an optical axis usable to the optical system for optical 
lithography with a wavelength of 250nm or less obtains the fluorite single crystal of the diameter of macrostomia (more 
than phi200mm) by 2 or less nm/cm (claim 8). Moreover, the manufacture approach of the fluorite single crystal 
concerning this invention (claims 1-5) is effective when the value of the birefringence in the direction of a side face 
perpendicular to the direction of an optical axis usable to the optical system for optical lithography with a wavelength of 
250nm or less obtains the fluorite single crystal of the diameter of macrostomia (more than phi200mm) by 5 or less 
nm/cm (claim 9). 

[0046] Thus, this invention enables it to obtain the small fluorite of the birefringence which was impossible until now in 
the big fluorite beyond phi200mm, and what is equal to practical use as fluorite (for example, it is used for a projection 
lens) for optical (wavelength of 250nm or less) lithography can be supplied now. Moreover, it was what becomes 
whenever [ sufficient homogeneity ] also about the homogeneity of a refractive index. 

[0047] That is, although the fluorite single crystal for the optical (wavelength of 250nm or less) lithography of the 
diameter of macrostomia (more than phi200mm) with the small and value of the birefringence indicated by claims 10-12 
was not obtained until now, manufacture of it was attained by this invention (9 claim 1-13). in addition — although 
there are 360 rotations in the direction of a side face when measurement of a birefringence is followed in a direction 
(this is called the direction of an optical axis) perpendicular to a flat surface, and the direction (this is called the 
direction of a side face) perpendicular to it about a material (fluorite) with a diameter [ of 200mm ], and a thickness of 
50mm - measurement then, it turned out that it becomes the almost same value. 

[0048] Moreover, in the direction of an optical axis, and the direction of a side face, the direction of the direction of a 
side face was found by that it is large more than twice as the optical path difference per unit length. As for the 
manufacturing installation concerning this invention to heat-treat and for an optical property obtain good fluorite, what 
has a container surrounding a processing object (fluorite) and has a heating means on the outside is good. Moreover, it is 
desirable during heat treatment for there to be no temperature unevenness in a processing object (fluorite). 
[0049] Although it carries out in air about the ambient atmosphere of heat treatment in the ambient atmosphere, vacuum 
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ambient atmosphere, or fluorine gas ambient atmosphere of inert gas in order that oxidation reaction of fluorite may 
progress above 700 degrees C The deformation and destruction of a heat treatment container (airtight the container [- 
izing / a container ], or the 1st container) by the differential pressure of the atmospheric pressure (outside of a container) 
and container internal pressure under an elevated-temperature condition are prevented. Consequently, so that the fluorite 
single crystal for optical (wavelength of 250nm or less) lithography may be stabilized and it may be obtained it is 
desirable to heat-treat by holding the pressure in said container or the 1st container in one atmospheric pressure (or 
abbreviation 1 atmospheric pressure) which is a pressure equal (or abbreviation - equal) to atmospheric pressure 
(claims 14 and 15). 

[0050] Hereafter, although an example explains this invention concretely, this invention is not limited to these 

examples. 

[0051] 

[Example 1] The manufacturing installation concerning this example to heat-treat and for an optical property obtain 
good fluorite evacuation is sealed and carried out after containing the fluorite single crystal for heat treatment - airtight 
- with the 1st container [-izing / the container ] (stainless steel container) It has the 2nd container (carbon container) 
which is arranged in this 1 st container and contains a fluorite single crystal and a fluorination agent, the evacuation 
system connected to said 1 st container, and the heater arranged on the outside of said 1st container. 
[0052] The optical property manufactured the good fluorite single crystal with the usable diameter of macrostomia 
(more than phi200mm) to optical lithography with a wavelength of 250nm or less using this equipment by heat-treating 
size phi200mmx50mm fluorite according to the following schedules (the necessary days of all processes: referring to 
drawing 1 for about 13 days). 

[Temperature hysteresis] [Temperature-change rate] [Duration] 

20->1050 degrees C 50 **/H 21H 1050 ->1050 degree C - 24H1050->900 ** 2-degree-C/H 75H 900 -> 20 ** 5 **/H 
Predetermined time (24H) maintenance of the maximum temperature of heat treatment is carried out by 176H, i.e., the 
manufacture approach of this example, as 1050 degrees C (the 1st temperature in the range of 1020-1 150 degrees C). 
And at the cooling process in the elevated-temperature field to 900 degrees C (the 2nd temperature in the range of 600- 
800 degrees C, or the range of 700-900 degrees C), the cooling rate was set to 2-degree-C/H (1 degree C/below H) from 
said 1st temperature. 

[0053] Moreover, at the cooling process in the low-temperature field to a room temperature, the cooling rate was set to 5 
**/H (5 degrees C/below H) from said 2nd temperature. When the birefringence of a fluorite single crystal and 
refractive-index homogeneity which were manufactured were measured, the maximum of a birefringence (the direction 
of an optical axis) was 1.5 nm/cm, side- face distortion (birefringence of the direction of a side face) was 5 nm/cm, and 
RMS after deltan=1.2E-6 and spherical-surface amendment (square mean square root) was 70E-41ambda (lambda= 
632.8nm), and refractive-index homogeneity was a very good optical property which can be used for optical lithography 
with a wavelength of 250nm or less. 

[0054] At this example, the effect which it has on the improvement in an optical property of the processing object 
(fluorite single crystal) by the cooling rate has balanced the improvement effectiveness in an optical property of a 
processing object (fluorite single crystal), and productivity (time for delivery and cost) at the cooling process in a large 
elevated-temperature field especially by cooling slowly enough and cooling speed at the cooling process in the low- 
temperature field where said effect is smaller than it. 

[0055] Therefore, a fluorite single crystal with a good optical property is not only obtained by especially optical 
lithography with a wavelength of 250nm or less, but according to this example, the fluorite single crystal the 
homogeneity of a refractive index is good, small [ fully ] a birefringence and usable to the optical system in optical 
lithography was obtained, and it was fully able to fill productivity (time for delivery and cost) with the usable diameter 
of macrostomia (more than phi200mm) to it. 
[0056] 

[Example 2] The optical property manufactured the good fluorite single crystal with the usable diameter of macrostomia 
(more than phi200mm) to optical lithography with a wavelength of 250nm or less using the same equipment as an 
example 1 by heat-treating size phi210mmx52mm fluorite according to the following schedules (the necessary days of 
all processes: referring to drawin g 2 for about 25 days). 
[Temperature hysteresis] [Temperature-change rate] [Duration] 

20->1080 degrees C 30 **/H 35H 1080 ->1080 degree C - 36H1080->800 ** 1-degree-C/H 280H 800 -> 20 ** 3 **/H 
Predetermined time (36H) maintenance of the maximum temperature of heat treatment is carried out by 260H, i.e., the 
manufacture approach of this example, as 1080 degrees C (the 1st temperature in the range of 1020-1 150 degrees C). 
And at the cooling process in the elevated-temperature field to 800 degrees C (the 2nd temperature in the range of 600- 
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800 degrees C, or the range of 700-900 degrees C), the cooling rate was set to 1 -degree-C/H (2 degrees C/below H) 
fi-Qm said 1 st temperature. 

[0057] Moreover, at the cooling process in the low-temperature field to a room temperature, the cooling rate was set to 3 
**/H (5 degrees C/below H) from said 2nd temperature. When the birefringence of a fluorite single crystal and 
refractive-index homogeneity which were manufactured were measured, the maximum of a birefringence (the direction 
of an optical axis) was 1 .8 nm/cm, side-face distortion (birefringence of the direction of a side face) was 4 nm/cm, and 
RMS after deltan=1.8E-6 and spherical-surface amendment (square mean square root) was 58E-41ambda (lambda= 
632. 8nm), and refractive-index homogeneity was a very good optical property which can be used for optical lithography 
with a wavelength of 250nm or less. 

[0058] At this example, the effect which it has on the improvement in an optical property of the processing object 
(fluorite single crystal) by the cooling rate has balanced the improvement effectiveness in an optical property of a 
processing object (fluorite single crystal), and productivity (time for delivery and cost) at the cooling process in a large 
elevated-temperature field especially by cooling slowly enough and cooling speed at the cooling process in the low- 
temperature field where said effect is smaller than it. 

[0059] Therefore, a fluorite single crystal with a good optical property is not only obtained by especially optical 
lithography with a wavelength of 250nm or less, but according to this example, the fluorite single crystal the 
homogeneity of a refractive index is good, small [ fully ] a birefringence and usable to the optical system in optical 
lithography was obtained, and it was fully able to fill productivity (time for delivery and cost) with the usable diameter 
of macrostomia (more than phi200mm) to it. 
[0060] 

[Comparative Example(s)] The fluorite single crystal was manufactured using the same equipment as an example 1 by 
heat-treating size phi200mmx50mm fluorite according to the following schedules (the necessary days of all processes: 
referring to drawin g 3 for about 12 days). 
[Temperature hysteresis] [Temperature-change rate] [Duration] 

20->1050 degrees C 50 **/H 21H 1050 ->1050 degree C - 24H1050->900 ** 3-degree-C/H 50H 900 -> 20 ** 5 **/H 
By 176H, i.e., the manufacture approach of this example of a comparison, the maximum temperature of heat treatment 
was made into 1050 degrees C, and after carrying out predetermined time (24H) maintenance, in order to improve 
productivity, even 900 degrees C was cooled at the rate of 3 degrees C/H. And 900 degrees C to the room temperature 
set the cooling rate to 5 **/H. 

[0061] When the birefringence of a fluorite single crystal and refractive-index homogeneity which were manufactured 
were measured, the maximum of a birefringence (the direction of an optical axis) was 3.2 nm/cm, side-face distortion 
(birefringence of the direction of a side face) was 16 nm/cm, and it was not the optical property which can be used for 
optical lithography with a wavelength of 250nm or less. That is, in this example of a comparison, since cooling at the 
cooling process in the elevated-temperature field where the effect which it has on the improvement in an optical 
property of the processing object (fluorite single crystal) by the cooling rate is especially large was too quick, the 
fluorite single crystal which has the good optical property which can be used for optical lithography with a wavelength 
of 250nm or less was not able to be obtained. 
[0062] 

[Effect of the Invention] As explained above, according to this invention, a fluorite single crystal the homogeneity of a 
refractive index is good, small [ fully ] a birefringence and usable to the optical system in optical lithography is 
obtained, and a fluorite single crystal with a good optical property is obtained by especially optical lithography with a 
wavelength of 250nm or less with the usable diameter of macrostomia (more than phi200mm). 

[0063] Or according to this invention, about [ that a fluorite single crystal with a good optical property is obtained ] and 
productivity (time for delivery and cost) can also fully be filled with the diameter of macrostomia (more than 
phi200mm). This invention enables it to obtain the small fluorite of the birefringence which was impossible until now in 
the big fluorite beyond phi200mm, and what is equal to practical use as fluorite for optical (wavelength of 250nm or 
less) lithography can be supplied now. Moreover, it was what becomes whenever [ sufficient homogeneity ] also about 
the homogeneity of a refractive index. 

[0064] Moreover, the time amount which heat treatment takes is two - four weeks, and not the time amount that poses a 

problem especially on production but the cost rise was able to suppress it to the minimum. 

[0065] 

[Detailed Description of the Drawings] 
[0066] 

[Drawing 1] It is the hysteresis Fig. showing ** and the heat treatment schedule of an example 1. 
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[0067] 

[Drawing 2] It is the hysteresis Fig. showing ** and the heat treatment schedule of an example 2. 
[0068] 

[Drawing 3] It is the hysteresis Fig. showing ** and the heat treatment schedule of the former (example of a 

comparison). 

Above 
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Japan Patient Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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